An increase in the rate of synthesis of ara-specific messenger ribonucleic acid as measured by deoxyribonucleic acid-ribonucleic acid hybridization has been detected in the induced wild-type (ara+) strain of Escherichia coli B/r as compared with the uninduced control, thus providing evidence that regulation of the positively controlled L-arabinose operon is at the level of transcription.
The regulation of the L-arabinose operon (araOIBAD) differs from that of operons under negative control in that the product of the Larabinose regulatory gene (araC) serves a dual function. In the absence of L-arabinose it acts as a repressor, but together with L-arabinose it acts as an activator required for the expression of the operon (2, 3). In view of this fundamental difference between the ara operon and negative control systems, it is of interest to determine whether genetic control of the ara operon is exerted at the transcriptional level [as has been demonstrated for the lac (6) and gal (1) operons among inducible systems and for the trp (7) and his (9) operons among repressible ones] or at the translational level. In this paper we describe a hybridization assay for ara messenger ribonucleic acid (mRNA) and report results indicating that the ara message is inducible and that control is at the level of transcription.
MATERIALS AND METHODS
Growth, labeling of cells, and extraction of RA. The bacterial strains used are described in the legend to Fig. 1 . A 5 ml amount of L-broth culture (8) was used to inoculate 50 ml of 1% casein hydrolysate-L-tryptophan (50 ug/ml) medium. The following day, the culture was diluted to about 2 x 108 cells/ml in the same medium and grown to 109 cells/ml. Ten-or 20-ml subcultures were then labeled for 3 min with 25 to 50 ,tCi of 3H-uridine per ml (4 Ci/mmole). Where induced cells were to be used, L-arabinose was added to a final concentration of 0.4%, 20 min prior to the addition of 3H-uridine. At the end of the labeling period, the cells were killed and the RNA was extracted by the method of Rose, Mosteller, and Yanofsky (11).
Extraction of phage DNA. The q80Xdara DNA used in the hybridization experiments was prepared from SB7514, a K-12 strain which contains the ara region of SB101 1 (see Fig. 1 ) and is lysogenic for two phages:
(i) b80XC,857S-, which has the host specificity of 080, the immunity of A, the heat-inducible mutation C1857, and is lysis-inhibited (S5), and (ii) 080XC1857S-dara, a defective derivative of the above phage which carries the arabinose region (4, 10).
Each of three Kluyver flasks containing 1,700 ml of Jackson's broth was inoculated with 100 ml of an overnight culture of SB7514 grown in the same medium. Jackson's broth contained 0.5% Casamino Acids (Difco), 3 x 10-4 M KH2PO4, 1.5 x 10-' M Na2SO4, 10-9 M MgSO4, 0.08 M NaCl, 2 x 10-4 M CaCl2, 3 x 10-6 M FeCl3, 0.019 M NH4Cl, 0.25 ,ug of vitamin Bl per ml, 0.1 M Na citrate (pH 7.6), and 0.4% glucose per liter of water (David A. Jackson, unpublished data). The cultures were aerated vigorously in a water bath at 30 C. The optical density (OD,00) of 1:10 dilutions was followed in a Beckman spectrophotometer until a reading of 0.1 was obtained. The cells were transferred to a water bath at 42 C for 30 min, and then transferred back to 30 C for 2.5 hr and finally harvested in a model RC-2B centrifuge at 6,000 rev/min for 10 min.
The cells were resuspended in 0.05 of the culture volume of Weigle's buffer [NaCl, 4 g; 10 mM MgSO4, 50 ml; 1 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride, (pH 7.4) 6 ml; 2% gelatin, 2.5 ml per liter of water]. The suspension was distributed between two 1-liter Erlenmeyer flasks and a volume of chloroform equal to 0.1 of the Weigle's buffer used to resuspend the cells was added. The flasks were shaken for 20 min in a water bath at 37 C. Deoxyribonuclease was added to a concentration of 0.5 Ag/ml and shaking continued for 10 min. The suspension was cooled in an ice bath and stirred slowly overnight at 4 C. Block gradients were prepared by adding 3.0 ml of CsCl of density 1.4 g/cc to each tube and then layering 4.4 ml of CsCl of density 1.6 g/cc undernt tth. Approximately 40 ml of the phage suspension wa layered on top. The tubes were centrifuged at 23,000 rev/min for 2.5 hr at 25 C in a model L2-65B Beckman Instruments, Inc centrifuge (Spinco type SW 25.2 rotor), and the phage was recovered by puncturing the tube and collecting drops. Messenger RNA-DNA hybridization. The procedure used is a modification of the method of Nygaard and Hall (10) . The DNA concentration was adjusted to 20 ,ug/ml with SSC. The DNA was denatured by heating to 100 C for 15 min followed by rapid cooling in a salt water ice bath. To each hybridization vial the following was added: 0.1 to 0.2 ml of RNA, 0.1 ml of denatured DNA, and 20x SSC to a final volume of 0.5 ml. The vials were incubated for 16 hr at 66 C. One microgram of ribonuclease was then added to each vial, and the tubes were incubated at 37 C for 30 min. Chemicals. 3H-uridine (4 Ci/mmole) was purchased from Schwarz Bioresearch Inc. Ribonuclease was a product of Calbiochem. Lysozyme (grade 1) and deoxyribonuclease I were purchased from Sigma Chemical Co.
RESULTS
The first step in the development of the hybridization assay was the demonstration of saturation of 08OXdara DNA (Fig. 2) . Increasing amounts of 3H-RNA from the homogenote F'B24 were added to a constant amount of We next compared the rate of 3H-uridine incorporation into ara message in the wild type, induced and uninduced, and in SBIOI 1, a deletion of the araCOIBA region (see Fig. 1 ). As can be seen from Fig. 3 , no ara mRNA was detected in SB10I 1, induced or uninduced, whereas a definite increase in the rate of 3H-uridine incorporation was detected in the induced wildtype, as measured from the slope of the line. The negligible rate of 3H-uridine incorporation into the uninduced wild-type strain not only suggests that araOIBAD mRNA is inducible but also indicates that araC mRNA is synthesized in relatively small quantities in uninduced wild-type strains. This could mean that araC mRNA is produced constitutively but infrequently or that its synthesis is controlled by L-arabinose.
Although it seemed likely that the hybridizable 3H-RNA detected after a 3-min pulse reflected the rate of synthesis of ara mRNA, we also considered the possibility that the increase in ara message in an induced wild-type strain was due to a decreased rate of degradation of a constitu- transcription and translation, have led us to consider two models for the control of ara mRNA as most likely. (i) ara mRNA synthesis is initiated upon addition of the effector, L-arabinose, or (ii) the absence of activator (see Fig. 1 ) labilized the ara mRNA, which is produced even in the absence of the effector (a constitutive ara mRNA). In an attempt to find a very labile ara mRNA, we pulse-labeled a wild-type uninduced culture for 30 sec, but were unable to detect any hybridizable material. Since, according to the second model, the rate of synthesis of the hypothetical ara mRNA would be the same in both the presence and absence of L-arabinose, an extremely rapid rate of ara mRNA breakdown (a half-life of at most a few seconds) would have to occur in the absence of L-arabinose to escape detection in our assay. Since such a rapid rate of decay seems unlikely on the basis of experiments performed in other systems, we favor the view that ara mRNA is inducible, and that the control of the L-arabinose operon is at the transcriptional level.
